Introduction
This paper investigates the expenditure patterns of South African households by estimating a linear expenditure system (LES) using the 2010 Income and Expenditure Survey (IES) and detailed price data from Statistics South Africa (StatsSA 2012). Products are aggregated using the Central Product Classification (CPC) categories, to facilitate the use of the estimates in computable general equilibrium (CGE) or dynamic stochastic general equilibrium (DSGE) modelling. Price data are averaged within product categories and provinces in order to exploit regional price variation for identification of the model parameters.
The paper is structured as follows. Section 2 provides a literary review and Section 3 an overview of the Linear Expenditure System (LES). Section 4 discusses the econometric approach used in our analysis. Section 5 proceeds to describe the data and the results are presented in Section 6. Section 7 concludes.
Literature review
Few topics in economics have been studied as extensively as demand systems in the last four decades. Consumer demand estimation models can be grouped into two categories, namely primal and dual models (Sarntisart and Warr 1994) . The Almost Ideal Demand System (AIDS), as developed by Deaton and Muellbauer (1980) , is one of the most well-known dual models and remains one of the most widely applied estimation models in empirical demand studies.
Primal models, on the other hand, date back to the LES of Stone (1954) . Conceptually, the LES was first introduced by Klein and Rubin (1948) , while Samuelson (1948) and Geary (1949) developed a corresponding system of demand equations. Stone was the first to apply the concept empirically and developed the model further in Stone (1964) and Stone et al. (1964) . Prior to Stone, empirical demand studies were characterized by the use of single equation methodologies that ignored the demand restrictions of adding-up, homogeneity, and Slutsky symmetry. The LES satisfies these restrictions as it is derived from a strongly separable utility function and it implies linear Engel curves, or constant marginal budget shares. In this context, the LES is often criticized for its confinement to proportional income and price elasticities, and its inability to account for complementary relationships between goods (Sola 2012) . In response to increasing evidence indicating that additive separability is false (Deaton 1974) , a number of non-additive generalizations 1 of the LES were proposed. These generalizations were of the Gorman polar form.
2 Many of these models retained weak separability of the utility function and continued to imply linear Engel curves (Blundell and Ray 1982) . They were followed by non-separable generalizations of the LES, for example Carlevaro (1976) , which often did not meet all of the theoretical requirements of consistent aggregation implied by the representative agent used in economic modelling. Howe et al. (1980) derive a class of theoretically plausible demand functions that are quadratic in expenditure, or quadratic expenditure systems (QES), and illustrate the estimation of one such function on United States (US) per capita time series data. Blundell and Ray (1982) presents another non-separable generalization of the LES which permits non-linear Engel curves. They demonstrate the empirical usefulness of their model by estimating it on two sets of data, 3 and find that their results on the cross-section data reject linear Engel curves, while their results on the longitudinal data reject separability of preferences. Currently, other demand systems, such as the AIDS, are favoured above the LES, although LES models are often used for the purpose of estimating parameters as inputs for Computable General Equilibrium (CGE) models.
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In the South African context, most demand system analyses are variations on the AIDS model, with most focusing on the demand for food or meat.
5 Koch and Bosch (2009) analyse the welfare implications of inflation in South Africa using an AIDS model and find that non-poor households are generally affected more strongly by inflation, but that food inflation has a larger welfare cost for poor households. A small number of authors have studied CGE models using South African data, which required LES estimation as a sub-component.
6 Case (2000) investigated consumption patterns in South Africa in order to examine the potential effects of trade liberalization on household behaviour and wellbeing. The study was based on the 1993 South African Living Standards Survey (SALSS), which included data from which a food price index could be constructed. From this index the price and expenditure elasticity for all other commodity groups could be estimated. She finds that food, fuel, alcohol/tobacco, and other goods are necessities for the African population group, and that food, fuel, and alcohol/tobacco are also price inelastic for this group. Necessities for the white population group are food, fuel, alcohol/tobacco, clothing, personal items, and other goods, with food, fuel, and alcohol/tobacco also being price inelastic. She finds that, overall, the African population group are more price sensitive than the white population group for the majority of items. The present paper aims to update this study, using new price and expenditure data to provide new estimates for use in CGE models in the South African economy.
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The LES
The LES was first introduced by Stone (1954) to study the consumption patterns of British households with a system of demand equations that was directly derived from consumer theory. In this model a household's preferences are represented by a utility function of the form:
where denotes a generic product, represents the quantity of this product consumed by the household and is the number of products in the demand system. It is assumed that every household must consume at least the subsistence quantity of product , , and that the preference parameters must sum to 1. The system can be solved in order to find the consumption quantities that maximize the household's utility subject to the budget constraint that total expenditure not exceed the household's income . Provided that an interior solution exists, the demand for commodity can be expressed as:
This function can be more conveniently written in terms of expenditure by multiplying by prices:
The income elasticity for product is then simply calculated as:
at specified values of income, price and commodity expenditure. Similarly, the price elasticity for product is calculated as:
The LES has a few advantages over other demand systems. First, unlike most other demand systems it satisfies all the theoretical restrictions imposed by consumption theory, and hence provides an internally consistent system for household consumption behaviour. Second, it conveniently expresses as a linear function of real total expenditure and of relative prices, which simplifies the estimation and interpretation of the model estimates. However, these advantages come at the cost of strong assumptions about how consumers behave. For example, the LES is very limited in the types of product substitutability or complementarity that it allows for.
Estimation strategy
Equation (1) indicates that the demand for product depends directly on its own subsistence quantity and indirectly on the subsistence levels of all other commodities . Incorporating these cross-equation restrictions requires estimating the model parameters via a systems estimator. In our analysis we use a seemingly unrelated non-linear least squares approach.
7
Following the estimation step, we report the point estimates and standard errors of the income elasticities as calculated in equation (2).
The simplest way to estimate the income elasticity in equation (2) . This provides an estimate of the expected relative change in expenditure on the product following a 1 per cent increase in household income for a household that currently earns the average income, pays the average price and consumes the average quantity of this product.
It is straightforward to use the same parameter estimate with different values of household income and product expenditure to also estimate the income elasticity for other sub-groups. Specifically, we will use the average incomes for the different income deciles in order to investigate how this income elasticity varies as households move up the income distribution. According to equation (2), this elasticity should increase monotonically in household income if product expenditure remains constant. However, it is also possible-and arguably more sensible-to allow some additional flexibility in household behaviour by also letting the product expenditure vary by income deciles. An even less restrictive approach would be to estimate the preference parameter separately for different income groups, and to use these values to calculate the income elasticities. These different techniques are compared in our analysis.
As will be discussed in Section 4, we do not have price data available for all of the product categories. This means that income elasticities cannot be estimated directly according to equation (1) for these categories. Following Case (2000) , the income and price elasticities of these items will be estimated by replacing in (1) by Γ . Γ is then the coefficient on the subsistence expenditure, and not the subsistence quantity of a given item.
Finally, it should also be clear that the equation cannot be estimated where total expenditure on each item is equal to total household expenditure as the covariance matrix of the errors will be singular. In order to estimate all of the parameters directly we use total rent, either reported as the actual or imputed rent from the IES, as a residual category so that total household expenditure, which we assume to be equal to total household income, can be written as follows:
This approach is advantageous as total rent is non-zero for all households and is not a CPC category.
Data

Household survey data and the CPC
There are several recent household survey datasets that one could potentially use to investigate household expenditure patterns. The IES, conducted by StatsSA in 1990 StatsSA in , 1995 StatsSA in , 2000 StatsSA in , 2005 The primary purpose of this study is to estimate the income and price elasticities for the products identified in the CPC version 2, which is closely associated with the production structure of the economy. 9 Table 1 reports the one-and two-digit categories of the CPC for which both price and expenditure data are available. It should be noted that the expenditure items in the IES household questionnaire were formulated using the Classification of Individual Consumption According to Purpose (COICOP). Although the NIDS dataset does not use any specific classification scheme, the specified household expenditure items are also more similar to the typical household consumption items encountered in the COICOP system than to the product categories in the CPC. This poses some challenges for our analysis, which requires translating the COICOP items into CPC categories.
10 As discussed later, the same issue arises in constructing price indices, since our price data is also collected for COICOP product categories.
According to the official correspondence tables 11 several COICOP product categories appear in more than one CPC category, which complicates-and sometimes prohibits-analysis of specific product categories. For example, many of the detailed food products that are included in COICOP category 01 are simultaneously included in both the CPC category 0 (agriculture) and CPC category 2 (food). However, due to the adding-up restriction of consumer behaviour and the LES model, we cannot include the same expenditure item in multiple categories, so we were required to make a number of additional categorization decisions. A further issue is that some of the product categories suffered from a high share of zero expenditures or a lack of price data, even at the two-digit categories.
These issues limit our analysis in two ways. First, we cannot sensibly perform our analysis at a CPC product classification that is more disaggregated than the two-digit level, as there are simply too few variables and too many zero expenditures to apply a method that does not explicitly allow for corner solutions. Second, we were forced to omit or group together some of the twodigit product categories for which no price data were available. Since the NIDS data contain fewer household expenditure categories than the IES data, these problems are exacerbated when performing the analysis on the NIDS data, and all our estimates below make use of the IES data only.
Even in the very rich IES data, there are no expenditure data for the following categories: liveanimals (CPC category 02), forestry and logging products (03) fish and other fishing products (04), yarn, thread, and other tufted textile fabric (26), wood, cork, and straw products (31), wastes or scraps products (39), basic metals (41), fabricated metal products (42), construction services (54), wholesale (61) or retail (62) trade services, electricity, gas, and water distribution services on own account. The low response rates for certain products required us to group together the following categories: ores and minerals; basic chemicals (34), other chemical products (35), and rubber and plastic products (36); all transport categories; general-purpose (43), special-purpose (44), and electrical machinery (46); radio-television and communication equipment (47), medical appliances, precision watches and clocks (48). It should be noted that the latter category only contains information on cameras, jewellery, and clocks. Table 2 summarizes the expenditure data for the CPC one-and two-digit categories. The impact of low response rates and a high proportion of zero-expenditures can be seen from the sudden changes in certain product expenditure categories for households in adjacent income deciles. This effect appears to be most pronounced for agricultural items, transport equipment, tobacco products, furniture items, and office machinery. Furthermore, the fact that expenditure per item is exponentially increasing as households move up the income distribution results in failure to converge in the models for the two-digit categories. Thus, the two-digit sample contains stricter conditions on the levels of specific expenditure items. These items are also those for which prices are unavailable. In most cases the sample is restricted to either the bottom 99 per cent, 95 per cent, or 90 per cent of expenditure on a specific item. The impact of this restriction is clearly observed as having the most significant impact on households at the top of the income distribution. . Source: Authors' calculations using IES 2010/2011 data.
Expenditure data
Price data
Like most household surveys, the IES did not ask any questions about prices. To remedy this we construct a price level series based on product level price data obtained from StatsSA for 2010. The price level for a given product category is constructed by calculating the mean price level in each province for all the detailed products within that category. In order to ensure data consistency, only the households surveyed in 2010 of the 2010/2011 IES are used. Official correspondence tables were used to translate the COICOP products to CPC categories. Unfortunately, prices for several commodities are completely unavailable, even at higher levels of aggregation. Furthermore, there is a shift in the coding conventions between 2008 and 2010, after which several categories were no longer available. Due to these problems, we do not have price information for certain products, in which case we use the technique outlined in Section 3 to estimate the income elasticities. At the two-digit level we do not have price data for transport equipment, postal services, financial services, business and telephone services, maintenance, education, medical services, community and social services, recreation and culture, or domestic services.
There are several product categories for which we have expenditure data but no price data, which limits our ability to identify certain LES parameters. The categories are: financial services (CPC category 71); real estate services (72); leasing or rental services without operator (73); all business and production services except for telecommunications and broadcasting services (84) and maintenance and repair services (87); education services (92); human health and social care services (93); sewage and waste collection (94); recreational and cultural services (96); and domestic services (98).
Unlike Case (2000), we do not have access to specific price data for population sub-groups so we are unable to calculate how much of the price variation is due to product quality differences. Table 3 reports the average price levels, as well as the distribution of prices by income decile. While the average price for items such as food items, paper items, glass items, furniture, metal products, and transport services are in general increasing over the total expenditure distribution, these differences are relatively small and do not present enough consistent variation to adjust the estimates for quality differentials. 
Results
We start our empirical analysis by estimating the LES on the CPC categories using the IES expenditure data and StatsSA price data. The sample is restricted to the bottom 90 per cent of the income distribution as the rapid increase in income above this threshold alters the estimated elasticities dramatically. 12 Table 4 reports the income elasticities for both the one-digit and twodigit product categories, calculated at the sample mean values of income and product expenditure. The results are broadly consistent with the estimates of Case (2000) and Dunne and Edkins (2008: 114) .
13 Food has the lowest income elasticity of 0.6, while financial services have the highest elasticity of 1.84. Although Case's (2000) study is not directly comparable in data, 12 The results obtained from the top 10 per cent of the population are reported in Table 6 . 13 It should be noted that Dunne and Edkins (2008) estimate the income elasticity of food using time series data. methodology or expenditure categories, it is worth noting that she estimated very similar income elasticities for food of 0.66 and 0.73 for African and white households respectively. Furthermore, she found that insurance-which is captured in our financial services category-was the most income elastic expenditure product for African households. Full regression results are reported in Tables B1 and B2 (Appendix B) . 
Income elasticities
The income elasticities for the two-digit product categories reveal substantial heterogeneity in these elasticities within each broad category. While all food and clothing items are necessity products the higher income elasticities on clothing items clearly indicate that higher incomes would go proportionally more to clothing than food items. Within food itself, meat, vegetables, oils, dairy products, eggs, and beverages have higher estimated income elasticities than grains and starches. This result is in contrast to the elasticities found for Tanzania (Chongela et al. 2013: 46) , but more consistent with the results for Malawi (Ecker and Qaim 2008: 23) and India (Kumar et al. 2011: 11) for meat and dairy products.
14 Within transportable goods there is substantial variation, with basic chemical products and glass and non-metallic products being normal necessity goods, while the rest of the items are luxury goods. This should be expected as the basic chemicals category consists mostly of personal care, household cleaning, and basic medicine items, while glassware and other products consists of basic tableware items. Within metals, substantial variation is again observed, with basic household appliances, in the metal and machinery category, being a normal necessity item. Transport equipment, including vehicles, is found to be a luxury item, consistent with the international literature (McCarthy 1996) . Within distributive trade services, accommodation and food services are found to be luxury items, consistent with the international literature; interestingly, passenger transport services are not found to be inferior items, but rather luxury goods. The result that South Africans will tend to spend proportionally more on passenger transport services as their income increases may be due to the pervasiveness of the taxi industry in the country, but deeper analysis into this is beyond the scope of the present paper. The estimate of the income elasticity of tobacco demand is similar to that found by Boshoff (2008) , using time-series techniques, for South Africa between 1999 and 2006. All social services are luxury items, with expenditure on domestic workers and education having the highest income elasticities. While the estimates are significant we argue that the elasticities on products of agriculture, fuel products, office machinery, transport equipment, construction, and furniture should be interpreted with caution as these categories contain many zero-expenditure households.
Income elasticities over the expenditure distribution
In Table 5 the income elasticities per decile are reported. 15 In this table both mean total expenditure and mean expenditure per item are calculated for the mean within the respective section of the expenditure distribution. In this table some sudden fluctuations between adjacent deciles are observed, which may be symptomatic of greater sampling variation in our estimates rather than actual behavioural responses to income fluctuations. Such variation notwithstanding, we also observe more systematic features in the data with the income elasticities of several products now appearing to decrease as households move up the income distribution. While these estimates do appear to exhibit some variation, the fact that the same LES parameters are assumed for all deciles may obscure shifts in the underlying elasticities as we move across the expenditure distribution.
Tables 6 and 7 correct for this by comparing the estimated income elasticities for various income groups obtained from estimating separate regressions for each of the specified income groups. This approach is more flexible as we now also allow the preference and subsistence parameters from the LES to vary across income groups. This flexibility can allow specific features of household behaviour to reveal themselves in a way that may not have been possible in the previously reported estimates, but we would also expect the estimates to be much more vulnerable to sampling variability. In Table 6 the income elasticities for the CPC one-digit categories across the expenditure distribution are reported. Consistent with economic theory, the income elasticity of food decreases as households move up the income distribution, a result also confirmed for India (Kumar et al. 2011: 11) . The impact of this disaggregation on the elasticities of the CPC two-digit products are clearly observed in Table 7 , with the income elasticity of demand for grains and starch items, tobacco products, leather products and footwear, as well as metals and machinery items exhibiting some discreet discontinuities. In general, however, decreases in the expenditure elasticity for food items are observed for meat, vegetable, and oil products, as well as dairy and egg products, in a manner consistent with the findings of Bopape and Myers (2007) , who used a quadratic almost ideal demand system (QUAIDS) model on the KwaZulu-Natal Income Dynamic Survey. Furthermore, the elasticities at the lower end of the income distribution are closer to those estimated for the entire income distribution for low-income countries such as Tanzania and Malawi (Chongela et al. 2013; Ecker and Qaim 2008) . Interestingly, tobacco products have an increasing income elasticity for the bottom two quartiles, while they have a very low, statistically insignificant, elasticity for all higher quartiles. This finding is broadly consistent with Huang and Yang's (2006) finding of a positive and significant income elasticity of cigarette demand for people at the bottom of the income distribution, with an insignificant elasticity for people in the top parts of the income distribution in the US. Within wearing and apparel items, the shift of clothes from a luxury good to a necessity good is consistent with the finding of Case (2000) as well as results from Ethiopia using an AIDS model (Tafere et al. 2010: 14) . We further find high, and very imprecise, income elasticities for items such as education, health care, and recreational services. It is unclear if these shifts are due to underlying trends or sampling variation. This is again the case with the discreet drop in the income elasticities of glass and non-metallic products, leather and footwear products, maintenance services, financial services, and transport equipment at the top of the income distribution. 16 The elasticities of these items should thus be interpreted with some caution.
In Table 8 , we estimate the income elasticity of demand for the CPC products for each income decile separately. In this table, the impact of the fine disaggregation reveals implausibly large fluctuations due to small changes in the income levels, suggesting that the sample size does not allow a sensible analysis of such small sub-groups. Table 9 reports price elasticities for different items and Table 10 shows own price elasticities at the CPC one-digit level. The price elasticity of agricultural items is once again in question as it is extremely high. Consistent with the international literature the price elasticities of food items is within the -1 and 0 interval. We find a price elasticity for food of around -.492, lower than the findings of Case (2000) and Bopape and Myers (2007) , but broadly in line with those found by Dunne and Edkins (2008) . Within food items, households are more sensitive to increases in the prices of meat, vegetables, and oils, dairy and egg products, and beverages than the prices of grains and starches. This finding is consistent with findings from India (Kumar et al. 2011: 12) , Malawi (Ecker and Qaim 2008: 23) , as well as those of several low-and middle-income countries (Cornelsen et al. 2014) . The price elasticity of tobacco products is found to be extremely close to the -.62 found by Boshoff (2008) for South Africa for the period between 1999 and 2006. The price elasticity of textiles, apparel, and footwear items are again smaller, in absolute terms, than those found by Case (2000) or those found for the US (Kim 2003) .
Own price elasticities
In Table 11 , households at the top of the income distribution are shown to be less sensitive to price changes than households at the bottom of the income distribution for almost all items save the items for which data is sparse, for example agriculture and office machinery. The near negative unity price elasticity for all food items in the bottom 25 per cent of South Africa's households indicates the sensitivity of these households to increases in food prices, suggesting that an increase in food prices would result in a proportional decrease in food consumption by people in these groups. These elasticities for the poor are also high internationally with the price elasticity of meats, wheat, and dairy being -0.908, -0.480, and -0.850 for India (Kumar 2011); -0.448, -0.207, and -0.529 in the US (Park et al. 1996) and -0.53, -0.71, and -0.29 for Indonesia (Jensen and Manrique 1998) respectively for persons at the lower end of the income distribution. The estimates are generally higher than those estimated by Bopape and Myers (2007) , however. 
Conclusion
This paper investigates the expenditure patterns of South African households using the 2010 IES household expenditure data and StatsSA price data. The LES estimates are used to calculate income elasticities at the sample mean values of income and product expenditure for the CPC one-and twodigit categories. These estimates appear to be sensible and in line with previous estimates for South Africa and other developing countries. Data limitations suggest caution in interpreting the estimates pertaining to agricultural products, industrial machinery and items, and certain service categories. We find that in obtaining income elasticities for different income groups we face a trade-off between the greater stability and statistical efficiency that comes from more restrictive specifications against a more flexible specification that allows subtle behavioural features in the data to emerge at the cost of being more vulnerable to sampling variation. While the elasticities calculated in a separate decile approach are likely to be overly restrictive, the elasticities estimated from separate quartile regressions are arguably an accurate representation of the underlying pattern across the expenditure distribution.
In terms of the estimated elasticities, we find substantial variation in the price and income elasticity of demand of necessity items across the income distribution, with the bottom quartile being extremely sensitive to increases in the price of food and clothing items, while the top quartile is as sensitive as households in developed countries. According to our analysis South Africans view food, personal care, and energy goods as necessity items, while they are willing to spend proportionally more on financial services, medical and social care, education, and domestic worker's services as total income increases. 
Appendix B: Regression results for bottom 90 per cent of income distribution
